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nefarormyecknx KagpoB B acnvpaHType (aaAblOHKTYPE), YCNOBUSIM X peanun3auumn, CpokaMm OCBOEHUSI 9TUX Mporpamm C
y4yeToOM pasnmyHbix opm 0bydeHns, obpasoBaTernbHbIX TEXHOMOMIM 1 0CODEHHOCTEN OTAENbHbLIX KAaTErOpUn acnMpaHToB
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1 BBEAEHUE K PABOYEW NPOrPAMME OUCLUMMNIIUHBI

1.1 Uenb AuCUMNAMHLI: M3yyaemaa AMCUMNAMHA HanpaBrfieHa Ha MNOArOTOBKY K cAaye KaHAWMOATCKOro
3K3ameHa.

CdopmumpoBaTb y acnupaHTa yriybneHHble 3HaHMS 06 OCHOBHbLIX MpoLeccax M annapartax, NpMMEHsieMbIX B
XMMUYECKUX MPOU3BOACTBAX, a Takke MeTodax LernecoobpasHoi aKkcrnyataumm 3Toro 06opyaoBaHus anst 4OCTVKEHWUS
MaKCMMaIbHOWM NPOV3BOAMTENBHOCTM NPU MUHUMATrbHbLIX 3aTpaTax.

1.2 3agayum AUCLUNIINHDI:

* CC*)OpMVIpOBaTb Yy acnupaHTa yMeHud no Bbl60py, pacyeTy n akcnnyaTtaunm TexHONorm4eckoro O60pyD,OBaHVIF|,
MCcnosib3yemoro B XUMUYECKOMN NPOMBbILLIEHHOCTW.

* NoAroToBUTb acnMpaHtTa K MPUMEHEHUKD MNOoJTy4YeHHbIX 3HaHWUN npun npoesegeHun 3KCnepuMeHTalrlbHbIX U
TeopeTnveCcKmnx nccnenoBaHuin B obnacTtu npoueccos 1 annapaTtoB XMMN4eCKNX Npon3BoacTB

1.3 MecTo AUCLMNIIMHBI B CTPYKTYpe NporpamMmMbl acnUpaHTypbl:
OucumnnuHa oTHocuTea k OBpasoBaTenbHOMY KOMMOHEHTY «QucUMnnuHbl (Mogynu)» MporpaMmMbl NoaroTOBKM
Hay4HbIX 1 HAay4YHO-NEJAarorMyecknx KaapoBs B acnmpaHType

3HaHWA 1 yMeHUs, NMonyyYeHHbIe acnupaHTamMu NPy M3y4eHUn AaHHOW ANCLUMMNUHBI, HEOBXOAMMbI NPY NOATOTOBKE
K coade KaHOuaaTCKoro aK3ameHa M HanvmcaHum aMccepTaumoHHON paboThl

CoBpeMeHHble MHOPMALMOHHBbIE TEXHONOMMM B HAY4YHOW AESTENBHOCTM
MpaBoBbLlE OCHOBbI 3aLUWTbI MHTENNEKTYanbHON COBCTBEHHOCTH
ABTOMaTU3MPOBaHHbIE CUCTEMbI 06PabOTKN SKCNEepPUMEHTANNbHbLIX AaHHbIX
KaTtanutnyeckue npoLecchbl B XMMUYECKOW TEXHOMOMA

3 COAEPXAHUE N NOPAOOK OCBOEHUA ANCLIUMNIIUHBI

KoHTakTHas
paboTta

dopma
TeKyLLero
KOHTpoOns

HanmeHoBaHWe 1 cogepxaHune pasgenos, TeM U y4ebHbIX
3aHATUN

CP
Nek. Mp. (4achb)
(vacbl) | (4acel)

CemecTp
(kypc ana 3A0)

Pasgen 1. M'mgpocTaTtuka n rugpoanHammka

Tema 1. OcHOBbI TEOPUM NEpPEHOCca KONMYECTBa ABUXKEHMS,
Tennotbl, Mmaccbl. OcobeHHOCTM nepeHoca B rasax,
XUOKOCTSAX M TBepablXx Tenax. MonekynspHeii
TypOyneHTHbIA NepeHoc.

Tema 2. OcCHOBHbIE CBOMCTBA KNOKOCTW.
Mmpopoctatnyeckoe paeBneHue. YpaBHEHUSI pPaBHOBECUS
xungkoctn. OCHOBHOe ypaBHeHue ruagpoctatuku. Cwuna
OaBneHus Ha CTEHKY.

MpakTnyeckoe 3aHATHNE "PelueHue 3agav no
rmgpocraTunke”.

Tema 3. 'vapoanHaMmnyeckas CTpykTypa NoTOKOB. Pexnmbl
TEYEHNS] XUAOKOCTW. [paBUTALUMOHHOE TEe4YeHue MIEHKN
xngkoctn. [lNogobue rmapoanHaMmM4yeckux npPOLIECCOB.
Kputepun HbloToHa, Ppyna, PenHonbaca, 3unepa,
rOMOXpPOHHOCTU. [lpom3BogHble Kputepumn [anunea wu
Apxumega. Nx cdomsundeckmii cmbicn. YpaBHeHue bepHynnum
Ona  peanbHOW  XWAKOCTU. OHepreTUdeckum Cmbich
ypaBHeHus bepHynnn. OnpepgeneHue pacxoga 3Heprum
npyu TPaHCMOPTUPOBAHUN XWAKOCTEN U ra3oB no Tpybam.
lMoTepun gaBneHnst Ha TPEHNE N MECTHbIE CONMPOTUBIEHNS.
MpakTuyeckoe 3aHaATME "OnpegeneHne noTepu AaBreHus
B 3MeeBUKe, B KOTOPOM MPOXoauT Boga".




Tema 4. TeueHne XnaKocTen N rasoB Yepe3 3epHUCTbIe 1
nopucTbie Neperopokn. FeoMmeTpruyecKkne xapakTepucTmku
3EPHUCTbIX CIOEB, PEryNspHbIX W HACbINHbIX Hacadok:
ONCNEPCHOCTb, yAenbHash MNOBEPXHOCTb, MOPO3HOCTb,
3KBUBASEHTHbIN anamertp KaHanos. Pacuert
rmapaBnnyeckoro  conpotmeneHust  crnosi.  OCHOBHble
XapakTePUCTUKM NCEBOOOXKMKEHHOIO COCTOSIHUSI CIOS.
mppaenuyeckoe conpoTtuBneHne. PacyeT ckopocTen
NCeBOOOXWMKEHUS,, BUTaHUSE U YyHoca. [lHeBMO- U
rMOpOTPaHCMOPT  3E€pPHUCTLIX  TBEpAblX  MaTepuaros.
HacbinHble Hacagku, BUObl, KOHCTPYKU MK, MaTepuarnbl 1 nx
XapakTepucTukn. PerynsipHble Hacagku. KoHCTpykuuu wm
XapakTePUCTUKN. MmapaBnnyeckoe COMpOTUBEHNE
Hacagok.

Tema 5. lNepemelueHne xugkocten n rasos. Knaccudmkaums
HaCcOCOB. MopLiHeBble Hacocsbl OLHOCTOPOHHEr0 "
OBYCTOPOHHErO JEencTBUs. MpuHUMN JencrTems.
MpounssBogutenbHocTb. BbicoTa BcacbiBaHus. ®Pakrtopbl,
BNMSKOWLME Ha  BbICOTY BcacbiBaHus. O6wmi  k.n.A.
MmapaBnuMyecknn, MexaHW4yeckum n  OOBEMHbIA  K.M.A.
LleHTpobexxHble Hacochl. YCTPONCTBO M NMPUHLMM AENCTBUS.
Cxatne un nepemeweHne rasoB. O6WMe NONOXEHUS.
NsoTepmuyecknn, agumabatvyeckun U NONUTPONUYECKUN
npoueccbl cokaTus rasoB. [lopliHeBble  KOMMPECCOpbI.
MHavkaTopHass auvarpaMmma  MOPLUHEBOrO  KOMMpeccopa.
Mpon3BoANTENBHOCTL NMOPLUHEBbLIX KOMMPECCOPOB.
KoadppmumneHT nogayu. MolHocTb, notpebnsiemas
komnpeccopom. MHorocTyneHyatoe cxatme. Komnpeccopsbl.
laszoagyBku. LleHTpoOexHble BeHTUNATOpPbl. PoTauMOHHblEe
ra3oBble KOMMPECCopbI.

MpakTnyeckoe 3aHsaTMe "PacyeT komnpeccopa".

Pasgen 2. Pasgenenve pa3nuyHbix cpeg nog AeUCTBUEM CUM

Tema 6. Knaccudukaumsa n xapaktepucTuka reteporeHHbIX
cuctem n cnocoboB mx pasgeneHus. pouecc oTcTaMBaHus.
OnpepneneHue ckopoctn ocaxaeHusa. 3akoH Ctokca. Metopa
JlaweHko. PacyeT oTCTOMHNKOB. OTCTONHUKN NEpUognNyecKoro,
nonyHenpepbIBHOrO U HENPEpPbLIBHOrO AENCTBUS.

Tema 7. T[lpouecc unbtpoBaHmsa. OOLWKME NOMNOXeHUs,
unbTpoBanbHbIe MEePeropoakv, XapaKkTepucTuka OCagKoB.
CkopocTb hunbTpoBaHus. BbiBog ypaBHeHUs punbTpoBaHUS.
AHanns  ypaBHeHusi.  [lpom3BOAMTENbHOCTL  PUNBLTPOB
HenpepbLIBHOrO W Nepuoanyeckoro AencTeus. dunbTpbl C
3epHUCTON neperopoakon. HyTty-counbTp. PunbTp -npecc.
BapabaHHble BakyymM-unbTpsl.

Tema 8. lpouecc ueHTpudyrnposaHus. lNMpuHUMN AencTBUA
ueHTpudyr. Knaccndukaums ueHtpudyr. Paktop pasgeneHus.
MoTtpebnsemas MOLLIHOCTb Ha LueHTpudyrmpoBsaHue.
LleHTpndyrn nepuoamyeckoro U HenpepbiBHOrO AevCTBUS.
CeepxueHTpudyrn. CenapaTopbl.

Tema 9. OuncTka rasoB OT TBepAbIX M XUOKAX YacTuu,.
paBuTaumoHHas ouncTka rasos. NHepLmMOoHHbIe
NblneynoBuTenu. OuucTtka rasos nog aencTemem
LeHTpoOexHonM cunbl. LluknoHbl. bartapeliHble  LMKIOHBI.
PasgeneHue cycneHsui B rugpouunkrnoHax. Mokpas o4dmcTka
razoB. OuucTka Tra3oB W pasgerneHne aspos3ofie B
3MEKTpoCTaTMYECKOM norie.  YCTPOWCTBO  TpybuyaTbiXx U
NnacTUHYaTbIX 3N1EKTPOUNBTPOB.

MpakTnyeckoe 3aHsaTME "PacyeT anektpodpunbTpos".




Tema 10. lMepemewmBaHue. [lpouecc nepemelInBaHNa B
xugkon cpege. MexaHudeckoe nepemewunBaHne. MOLLIHOCTb,
notpebnsemasa nonacTHbIMM Melwlankami. Tunbl MeLlanok.
MepemewmnBaHne npu nomowm HacocoB. [THeBMaTU4eckoe
nepemMeLlBaHue.

Pasgen 3. OcHoBbI TENno- 1 Mmacconepenayv 1 BeinapuBaHus

Tema 11. Tlpoueccbl Tennonepegayn. OCHOBHblE MOHSATUS.
Bugpl nepeHoca TENMOTHI. TennonpoBogHOCTb.
OnddepeHunanbHoe ypaBHeHwWe TEnnonpoBOAHOCTW.
TennonpoBOoAHOCTb MNOCKOM cTeHkn. [lepegaya TennoThbl
KOHBekumen. 3akoH oxnaxgeHusi HbtoToHa. KoaddpmumeHT
Tennootaaun. daktopbl, BhvaWME Ha KO3 DULMEHT
Tennootaayn. Tennosoe nopobue. Kputepum HyccenbTta,
MpaHaotnsa, dypbe, pacroda. YpaBHeHus aons onpeneneHus
KO3(hPMLMEHTOB TEMMOOTAAUN NPY OTCYTCTBUN U NPU HANUYUM
NU3MEHEHNST arperatHoro COCTOSHWUSA. Jly4ynucTbin TennoobMmeH.
Tennonepegada. OCHOBHOE ypaBHeHue Tennonepegayu.
Tennonepegaya 4epe3 MNIOCKME U LUMMHOAPUYECKNE CTEHKM.
TunoBble crny4yam [OBWXEHUS TennoHocuTenen (MpoTMBOTOK,
NPSIMOTOK, MNEPEKPECTHbI W CMELUaHHbIN TOK), CpegHsis
pasHOCTb TemnepaTtyp. MaTemaTuyeckme mopenu nepeHoca
TennoTtbl B TennoobmMeHHukax. OCHOBHblE MPOMbILUNEHHBLIE
TennoHocuTenu. HarpeBaHne BoAsiHbIM napom. Pacxog
octporo napa. Pacxog rnyxoro napa. KoHaeHcaTtooTBOOUMKM.
OCHOBHbIE KOHCTPYKUUWM TennoobMeHHbIX annapatoB. PacyeT
TennoobMeHHMKOB. KoHpeHcaTopsbl CMeELLEHMS.
BapomeTpunyeckun  koHgeHcatop.  TennomaccoobmeH B
annapartax c HacagKown.

Tema 12. [lpoueccbl Maccoonepegadn. Knaccudbukaums u
npuMMepbl  MPOMBILIMIEHHBIX ~ MAcCOOOMEHHbLIX  MPOLECCOB.
dazoBoe paBHoBecue. MaTtepuanbHbii GanaHc. [BwxkyLias
cura M HanpaBlieHVWEe Te4yeHuUs MacCOOOMEHHbIX MPOLECCOB.
KuHeTnka macconepegaun. MonekynsapHaa M KOHBEKTMBHas
andpadysusa. AuddepeHumansHoe ypaBHeHMe nepeHoca macchl
B NoToke. TeopeTnyeckme mogenu npouecca macconepegadu.
YpaBHeHus maccooTgadn u macconepenadu. KoadduumneHTsbl
mMacconepegayun. [Isuxyllas cuna npouecca macconepegadw.
OuddysnonHoe  nopgobue.  Kputepumn  gmuddy3nMoHHOro
nogo6bus. KputepuaneHble ypaBHeHuss maccootdadn. Obwme
MeToAbl pacyeTa MacCOOOMEHHbIX annapaToB. PacyeT BbICOThI
MaccOoOOMEHHbIX annapaToB C HeMNpepbIBHLIM KOHTAKTOM ¢has.
CpefHsas osuxyllasa cuna npouecca. Yucno eanHuL nepeHoca.
PacueT BbICOTbI MaccoobMeHHbIX annapaToB CO CTyneH4YaTbiM
KOHTakToM pas. CTyneHb M3MEHEeHUS KOHUEeHTpaLnn.




Tema 13. Tlpoueccbl BblNapuBaHus. Knaccudumkaums wn
npuMepbl  MPOMBILLIEHHBIX ~ MacCOODOMEHHbIX  MPOLECCOB.
dasoBoe paBHoBecue. MartepuanbHbii GanaHc. [Buxylias
cvna n HanpaBfneHue TeYeHUss MacCOOOMEHHbIX MPOLLECCOB.
KuHeTnka macconepegaun. MonekynsapHasa M KOHBEKTMBHas
andpdysua. JuddepeHumansHoe ypaBHeEHME NepeHoca Macchl
B noToke. TeopeTnyeckne modenu npoLecca macconepenayu.
YpaBHeHua maccooTgaydm u macconepenadn. KoadbduuneHTbl
mMacconepegayun. [Buxyllas cuna npouecca macconepegadw.
OnddysmnoHHoe  nogobue.  Kputepumn  gudpdy3nmoHHOro
nogo6busa. KputepunanbHble ypaBHeHus maccootgayn. Obwme
MeTOAbl pacyeTa MacCoOOMEHHbIX annapaToB. PacyeT BbICOTbI
MaccoobMeHHbIX annapaToB C HEMPEpPbIBHbIM KOHTAKTOM ¢has.
CpenHsas osuxyllasa cuna npouecca. Yicno eanHuL nepeHoca.
PacuyeT BbICOTbI MAacCOOOMEHHbLIX annapaTtoB CO CTyneHYaTbiM
KOHTakToM pas. CTyneHb M3MEHEHUSA KOHLEHTpaLnN.

Pasgen 4. OcHOBHbIE NpoLEeCcChl U UX peanu3auns B annapartax

Tema 14. Abcopbums. Xapaktepuctmka npouecca. CteneHb
nornoweHusi. Beibop abcopbeHTa. MeToapbl gecopbummn. Obas
cxema abcopbunoHHO-aecopOLMOHHOM YCTaHOBKMU
HenpepbIBHOrO AencTBusi. MaTepuanbHbii 6anaHc npolecca.
YpaBHeHne paboyen nuHun. Pacxon abcopbeHTta. Abcopbephl.
PacueTt abcopbepos.

MpakTnyeckoe 3aHsaTMe "PacdeTt abcopbepa”.

Tema 15. Agcopbumsa. O6was xapakTepucTvka npoLeccoB
apcopbuun.  XapaktepucTvka afacop6eHTOB U MOHWUTOB.
MpuHuMNWanbHasi cxema afcopOUMOHHO-AECOPOUMOHHBIX U
MOHOOBOMEHHBIX YyCTaHOBOK. AACOPOLIMOHHAsA U MOHHOOBMEHHAs
annapaTypa. PacueT OCHOBHbLIX pa3MepoB MNepUOAMYECKU U
HenpepbIBHO AEWCTBYIOLLMUX annapaTos.

Tema 16. Quctunnaums n pektndukaumnsa. Odwme nonoxeHus.
Knaccudukaums XKNOKNX cmecen. XapakTtepuctumka
OByxdasHblX CUCTEM XuakocTb-nap. [lpoctas neperoHka.
CpegHsass  KOHUeHTpaums  guctunnsTta.  Pektudumkauus.
MpuHUMN Jencrteus pPEeKTUPUKALMOHHbBIX KOJOHH.
Meproaunyeckas M HenpepbiBHAs pekTudukaums. YpaBHeHUs
paboymx INMHUM YKPEnnsiWen M ucyYepnbiBatoLEn 4YacTewn
peKkTUunKaLnoHHON KOJIOHHBI. MwuHumansHoe "
aencrteutenbHoe dnermosoe 4ucno. BnuaHwe dnermosoro
ymMcna Ha YMCNo TapernokK, Pacxof rpetowero napa, guameTp u
BbICOTY KOMOHHbI. [MoHATHe K.n.4. Tapenok. Tennosow 6anaHc
pekTuduKaLmMoHHON KonoHHbl. OnpeaeneHne pacxona napa.

Tema 17. JKCTpakumus M3 pacTBOpOB. DKCTPaKUUS B CUCTEMAX
XnakocTb-knakocTe. OO6wwne cBegeHus. [NpuHUMNManbHble
CXeMbl MpoLuecca 9KCTPaKuuu. YCTPOMCTBO IKCTPaKLMOHHbIX
annapaTtoB.  CpaBHUTeNbHble  XapakTepucTuku.  Bbibop
9KCTPaKUMOHHbIX annapaTos.




Tema 18. Cywka. O6wwme nonoxeHus. Knaccudpukaums
npoueccoB cykn. OCHOBHble CBOMCTBA BNaXHOro BO3gyxa.
Ounarpamma cocTosiHus BnaxHoro Bo3gyxa. KoHBekTMBHas
cywka. MaTepmanbHbin H6anaHc. OnpefgeneHue pacxofa
BO3dyxa Ha cywky. TennoBon ©anaHC KOHBEKTUBHOW
cywunku. NocTpoeHne TeopeTnyeckoro 1 ENCTBUTENBHOIO
npoueccoB cyLwkn B |-X anarpamme. BapuaHTbl CyLIMIBHOIO
npouecca. KuHeTuka npouecca cywkd. CKOpPOCTb CYLLKW.
KOHCTPYKUUN KOHBEKTMBHBIX U KOHTAKTHbIX CYLLUWUIIOK.

Tema 19. Kpuctannmsauma u pactBopeHue. ObLias
XapakTepucTuka npovecca KpucTannusaumm "
pacTBopeHus. PaBHOBecMe U KMHETMKA MNPOLIECCOB.
MpuHuMnuanbHas cxema ycTaHoBKkW. Annapatypa Aans
pacTBOPEHUS N KpUcTannmaaumm.

Tema 20. MembpaHHble npouecchl. Knaccudukaums
MembOpaHHbIX npoueccoB. Pornb, 3HadeHne K obnactu,
NPMMEHEeHUsT MeMOpaHHbIX NPOLECCOB B COBPEMEHHON
Hayke n TexHuke. Tunbl membpaH. MexaHu3sm nepeHoca.
KuHeTnka MeMOBpaHHbIX npoLeccos. AnnapaTypa.
MprHUMNWanbHble CXemMbl MEMOPaHHbBIX YCTAaHOBOK.

MpakTuyeckoe 3aHsaTMe "PacyeT MembpaHHbIX yCTaHOBOK".

Tema 21. Hoenwune poctmxeHUs B 0OMAcTM OCHOBHbIX
MpoLeccoB ” annapaToB XUMMUYECKMX MNPOM3BOACTB.
MepcnektTmBbl WX OanbHEWWeEn WHTEHCUMdUKaLMM 1
NOBbILLEHUNS 3 PEKTUBHOCTH. MepcnekTusbl
NPOMBILUNIEHHOTO  MPUMEHEHUsT  HOBbLIX MPOLECCOB U
annapaTtoB. JHeproemMkue npouecchbl. JKCepreTu4eckuni
aHanms.

Utoro B cemecTpe (Ha kypce ansa 3A0)

32 16 96

KoHcynbTauum n npoMexytodHasa attectaums (Ok3ameH)

Bcero koHTakTHas pab6oTta n CP no gucuunnuHe

48 132

4. ®OHA OLUEHOYHbIX CPEACTB ANnA NPOBEAEHUA NPOMEXYTOYHOU ATTECTALIUK

4.1.2 Cnctema n KpuTepum oueHUBaHUA

Kputepum oueHnBaHus

LLkana oueHnBaHus
YcTHOe cobecenoBaHue

MncbmeHHasa paboTta

5 (oTnnyHO)

MonHbIR,  ncuyepnbiBalOLWM  OTBET,  SIBHO
OEMOHCTpUpYOWMIA  rnybokoe  MOHUMaHue
npegmeTa ] LUMPOKYIO  3pyauumto B
OLeHMBaeMon obnacTu. KpuTtuueckun,
opurMHarnbHbIN noaxon K MaTepuarny.

4 (xopoLwuo)

OTBeT cTaHOapTHbIN, B LIENIOM KaydeCTBEHHbIN,
OCHOBaH Ha Bcex 06s3aTenbHbIX WCTOYHUKaX
MHdopMaLnN. MpucyTtcTBYlOT  Hebonblune
npobenbl B 3HAHWMAX WM HECYLLECTBEHHbIE
owmnbKu.

3 (yooBneTBOpUTENbHO)

OTBEeT HEMNOMHbLIN, OCHOBaHHbLIN TOMbKO Ha
NEKUMOHHbIX MaTtepuanax. [lpy noHUMaHum
CYLWLHOCTM npegmMeTa B LiefiOM — CyLLeCTBEHHbIE
ownbkn unm npobenbl B 3HaHWSIX cpasy Mo
HECKOJIbKUM TEMaM,

He3HaHue (NyTaHuLa) BaXKHbIX TEPMUHOB.




HecnocobHocTb oTBETUTL Ha Bornpoc ©e3
nomoLim 3K3ameHaTopa. Hes3HaHune
3HAYUTENBHOW YacTU NMPUHLMMNMANBHO BaXHbIX
3NEeMEHTOB  AUCUMMMNHBI.  MHOrouMcrneHHble
rpyoble ownbKku.

HenoHumaHve 3ajaHHoro Bornpoca.

2 (HeyaoBnMETBOPUTENBLHO) HecnocobHocTb cdopmynupoBaTe XOTA  Obl

oTAenbHble KOHLEeNUU AUCUUNIVHBI.

MonbiTka CNUCbIBaHWS, MCMonb30BaHus
HepaspeLUEeHHbIX TEXHUYECKUX YCTPOWCTB WUnn
Nnonb30BaHUsl MOACKAa3KOW [JpYyroro 4ero.Beka
(BHE 3aBMCMMOCTM OT YCMELHOCTU TaKon
nonbITKN).

4.2 TunoBble KOHTPOJbHbIE 3ajaHUS UIU UHbIE MaTepuarbl, HeO6XxoAMMble ANA OLEeHKU 3HAHUWA, YMEHUN,
HaBbIKOB U (UNK) onbiTa AeATENIbHOCTH
4.2.1 MNepeyeHb KOHTPOSIbHbIX BONPOCOB

Ne n/n |

PopMynmnpoBKM BONPOCOB

Cemectp 6

NpeanbHble 1 peanbHble XXUOKOCTU. YpaBHEHWE HEPA3PbIBHOCTU. YpaBHEHNE ABUXEHNS MOEaNbHOW XUAKOCTU
(ypaBHeHne Juinepa) n ero YacTHble Crny4yau.

OcHoBHOEe ypaBHeHne rmgpoCTaTukn U HEKOTOPbIE ero NpakTu4eckne npunoXxeHus.

OndpdepeHumanbHblie ypaBHeHus apmxeHnsa HaBbe-CTokca n ero omnanyecknii CMbICh.

CTaLI,VIOHaprIe N HeCTauMoHapHble Te4YeHU4. YpaBHeHme BepHynnM 1 ero npakTnyeckoe npnMMeHeHue.

galbh|lw|N] =

MeToabl Teopun nogobus. Kputepumn nogobus inepa, PenHonbaca, Ppyaa n ux pmanyeckmn cmblic.

[BuKeHue TBepAbIX YacTuL B CNMOLWHbIX cpedax. [MapoanHammuka HENOABUKHBIX U NCEBAOOXKUKEHHbIX
3epHUCTbIX crnoeB. MMapoaMHaMMYECKMEe OCHOBbI pacyeTa annapaToB XMMUYECKON TEXHOMOMMMN C 3€PHUCTLIMU
CINosAMU.

Mmapaenuyeckue conpoTtuenenns. OnpegenexHns, TUNbl, MU3NYHECKNUIA CMbICI, CNocobbl pacyéta
COMPOTUBMEHUIN Ha y4acTke TpyObl, KO3hPMLMEHTBI CONPOTUBIEHUI, ypaBHeHna [dapcu — Beicbaxa n
AnbLtyns.

,D,VICI'IepCHbIe CUCTEMbI, SMYNbCUN, OblMbl U TYMaHbl, NblNA. I'Iapameprl OncnepcHbIX CUCTeM, pacnpegeneHune
YacTuy no pasmMepam, KoOHUEeHTpauua, HacbinHaa u OencTBuTenbHas NNoTHOCTb, NMOPO3HOCTb. MeToabl
onpeneneHna napameTpoB ANCNEPCHbIX CUCTEM.

CKOpOCTb ocaxgeHua TeepabixX YacTtuy nog OENCTBMEM CUM TSXKECTU N MeToabl ee pacyeTa. KOHCprKLI,I/II/I
OTCTOWHbIX annapaTtoB And pasgeneHuna cycneH3v||7|, 3MyJ'IbCVII7I N O4YUCTKKM 3amnblf1IEHHbIX ra30oB 1 MeTodbl NX
pac4yeTa.

10

dunbTpoBaHue, NpegHasHadeHne, NpUHLMN AeNCTBUA, UnbTpylowmne MaTepuansl, NCbl U MUHYCHI.
CkopocTb hunbTPOBaHWE U YypaBHEHUE (PUNbTPOBaAHUS.

11

Mokpasi ouncTka rasos oOT Mbifiv. OCHOBHbIE NPUHLMMBI, 0OCOGEHHOCTU, KOHCTPYKLIMK NIOCHI U MUHYCHI,
ckpy66epbl, NeHHbIe annapartsbl, rasonpombiBaTenu, Tpyosl BeHTypu.

12

PewweHune ypaBHeHnst HaBbe-CToKca B Criydae CTaUMOHapHOro aMmHapHOro NoToka B KPyrnow Tpy6e, 3aKOoHbI
TeyeHus MNyasenns.

13

LieHTpo6exHoe oTcTamBaHue 1 unbTpoBaHne. GakTop pasgeneHus. Knaccudgukaums LeHTpUdyr.
PazgeneHune cycneHsuii, aMynbCcuid B ruapoumknoHax. MeToapl pacyeTa annapaToB AN pasgeneHus B none
LIeHTPOBEXHBIX CUI.

14

OcHoBbI rmgpaBiiM4eckoro pacdetTa XMMNKO-TeXHOITOrM4YeCKnx annapaTtos U pr60ﬂpOBOﬂ,OB. Hacocbl,
BEHTUNATOPbLI N KOMMPECCOPbI, UCMNOJ1b3yeMble B XUMMUYECKON TEXHOMOTNN, NX XapaKTepucTtukn n metoabl
pac4yeTa.

15

MoBepxHOCTHas 1 06 bEMHas TEOPUM U3MENbYEHNS. YPaBHEHNE KMHETUKM namenbyeHus K. A. PasymoBa.
Pac4eT 0CHOBHbIX NAapamMeTpPOB MaLUWH 4S5 NPOLECCOB U3MESbYEHNS.

16

Tennonepegayva. MonekynspHasa TeNNONPOBOAHOCTb, KOHBEKUUSA, n3nyyeHne. OCHOBHbIE TEMNMNOBLIE CBOMCTBA
XNOKOCTEN 1 TBEPAbIX TeM. TENNOEMKOCTb, TEMNOThI PA30BbIX NEPEXOAOB, KO3 EHOMLUMNEHT TENNOBOrO
pacLmpeHuns, KoagPULMEHT TEMNONPOBOLHOCTH.

17

YpaBHeHMe KOHBEKTUBHOrO TennoobmeHa u ero nogobHoe npeobpasoBaHue. Kputepuu Tennoeoro nogobus
roMmoxpoHHocTn, HycceneTa, lNekne, MNMpangtnsa, Mpacroda.

18

Cxema nepenayun tenna ot agpa noToka K NSIOCKOW CTEHKE. ypaBHeHVlﬂ Tennootaayu.

19

Cxema nepegaydv Tenna oT 0AHOro NMoToka K Apyromy Yyepes TBEpAYH CTeHKY. YpaBHeHWe Tennonepeaayn.

20

ﬂ,BM)KyLIJ,aﬂ cuna npouecca tensionepenayn, cpegHAaa aBunxyllaa cuna, BlmaHne npamoToka, NpoTuBOTOKa U
I'IeperéCTHOI'O TOKa Ha CpeaHo OBUMXKYLLYHO CUITYy.

21

AJ'IFOpVITM no,u60pa TEeNNooOMEHHMKOB, ypaBHEHNA TENIOBOro 6anaHca, KputepuarbHble YpaBHEHUA,

ypaBHeHUA Tennonepenayu, TENmnoBoOu NOTOK U Tennosad Harpyska, remnepartypbl 44pa NOTOKa U CTEHOK.

22

YKnakocTtHasd QKCTpakuu4, onpegeneHne, cxema O,D,HOKpaTHOVI OKCTpaKunn n nocTtpoeHne eé Ha TpeerJ’IbHOVI
anarpamMmme.




23

Tpeyroanaﬂ onarpamMmma gnsa TpéXKOMI’IOHeHTHOVI CUCTEMbl OrpaHN4YeHHO paCcTBOPUMbIX XnakocTten.
Onpep,eneHVle TOYKM MO COCTaBY M COCTaBY MO TOYKe, NpaBuIio pbidara npmn cMmelweHnn OByx NOTOKOB.

24

OcHoBHble NapaMeTpbl BNa)XHOro Bo3ayxa, abCcontoTHast U OTHOCUTENbHAs BIaXXHOCTb, YAelbHas aHTanbnus,
napumnanbHoe AaBneHue Brnaru B Bosgyxe, auarpaMmma PamanHa, onpeaeneHne cocTostHUS Bo3ayxa rno
TemnepaTypam XOfo4HOrO U MOKPOro TepMOMETPOB, YTO 3TO, MOCTPOEHUE Ha AnarpaMmMe npotecca
agmabaTnyecKkom CyLLKW.

25

KuHeTnKa KOHBEKTUBHOW CYLUKW, BMTaXXHOCTb MaTepuana, CKOpoCTb CYLLKW, 06MacTi Ha KMHETUYECKOW
Anarpamme cyLiku. MaTepuarnbHblid 1 TennoBol 6anaHc KOHBEKTUBHOM CYLUWIKU, ONpeaeneHne pacxonos
BO34yXa U Tensna Ha CyLLKY.

26

Beinapka, cxema 0QHOKOPMYCHOM U MHOFOKOPMYCHOW BbINAapHOW YCTaHOBKWU, MaTepuarbHbIii 6anaHc BbinapHOro
annapara. Tennoson 6anaHc BbINapHOro annapara, obLas nonesHas pasHoCTb TeMnepaTtyp 1 pacrnpegeneHve
€€ Mo kopnycam.

27

AnropuTM pacyéta oqHOKOPMYCHOW BbiNapHOW YCTAHOBKM, TUMbl TEMNepaTypHbIX NOTePb.

28

OOwue ceBegeHns o npoueccax nepeHoca maccbl. OCHOBHbIE NOHATUA. MexaHu3mbl nepeHoca. Tunbl
Macconepegauun. OnucaHne asoBoro paBHoBecus, npaesuno ¢as Mbbca. Ymcno n BbicoTa eguHuUL NepeHoca.

29

YpaBHEHUSA KOHBEKTUBHON AN Y3MM N OCHOBHbIE MacCOOMeHHbIe KpuTepumn nogobus, Anddy3noHHbIe
Kputepun Hyccenbta, ®ypbe, MNekne, MNpaHaTns.

30

YpaBHeHUus MmaccooTaaum u Macconepenayn, obuias cxema nepegaym Tenna ot sapa ogHOM Xuakon dasbl K
ApYron, Yepes NOBEPXHOCTb pa3fena, Cxema KOHUEHTpauumn Ans ypaBHeHWN.

31

MpocTas neperoHka, neperoHka noA yMeHbLUEHHbIM JaBNeHNEM, NeperoHka ¢ BoasiHbiM Napom, dopakumoHHas
neperoHka, auddepeHumansHoe ypaBHeHNe NPOCTON NePEroHKU, NChl, MUHYCbI, 061acTb NPUMEHEHMUS,
CXeMbl annapartos.

32

OG6LmMe NpuHUMNbI rpadnyeckoro pacyéta KonoHHbIX annapaToB. Paboure nuHUN 1 paBHOBECHbLIE NIMHWMK,
TeopeTuyeckme CTyneHn macconepegaym. lNMoabop ceveHusi, guameTpa v BbICOTbI KOMOHHbI. TUMbl KONTOHHbIX
annapaTtoB, Hacafo4yHble, CMTYaTble 1 TapenbyaTble KONMOHHbI, OCTOMHCTBA U HeQOCTaTKN.

33

Cxema rpaduyeckoro pacyéta pektudmkaumm. MatepmansHbii 6anaHc u pabodme NuHMKM, cxema pacdéTa
yucna ctyneHen pektudukaumm, pnermosoe YMcno, MMHUMarnbHoe pnermoBoe Yncno.

34

Tennoson 6anaHc BbiNapHOro annapara, obLas nonesHas pasHoCcTb TeMnepaTyp ¥ pacnpegeneHme eé no
kopnycam. AnroputmM pac4yéta o4HOKOPNYCHOM BbiNapHOW YCTAHOBKW, TUMbl TEMNEPaTYPHbIX NOTEPb.

35

CxeMbl BbIMapHbIX annapaTos, NPUHUMN AENCTBUS, AOCTOMHCTBA U HEOCTaTKW, OAHOKOPMYCHbIE,
MHOTOKOPMYCHbIE C MPSIMOTOKOM, NMPOTUBOTOKOM M NapasesibHbiM TOKOM.

36

O6Lwas xapakrepuctmka abcopbumm n obnactn ee npumeHeHus. AnnapartypHoe ocopmneHme abcopbLMOHHO-
aecopbumoHHbIx npoueccoB. OcHOBLI pacyeTa abcopbumn. Metoabl gecopbumm.

37

Pektndukaums, obas cxema NOTOKOB B PEKTUAMNKALMOHHBIX KONTOHHaxX. Cxema rpadmnyeckoro pacyéra
pekTudunkaumm. MatepmansHbii 6anaHc 1 paboyne NUHMK, cxema pacyéTta vucrna CTyneHen pektudukaumm,
dnermMoBoe Y1Cro, MrMHMMansHoe erMoBoe Y1cno.

38

Abcopbuus, Tunel abcopbLmm, KOHCTPYKLMN abcopbUMOHHBLIX KONMOHH. PaBHOBECHbIE NHUK abcopbunn. Cxema
aacopOLMOHHON YCTAaHOBKN HENPEPLIBHOIO AEWCTBUS KUMSLLEro Cros, NpMHUMN paboThbl, JOCTOMHCTBA U
HefoCTaTKU.

39

O0uwas xapakTepu1cTmKa npouecca Kpuctannmsaumm n o6nactv ero NPOMbILLIIEHHOrO NPUMeEHeHUs. [luarpammbl
COCTOSIHUA pacTBop (pacnnas, nap) - kpuctannuyeckasa dasa Anst O4HOKOMMOHEHTHbBIX U MHOTOKOMMOHEHTHbIX
cMecen.

40

Teopusa KMHETUKM 3apoabllleobpasoBaHns. JKcnepuMeHTanbHble MeToAbl UCCNeaoBaHUs NMPOLEeCcCoB
HyKneauum 1 KUHETVKM pocTa KpucTannos. AnnapatypHoe oyopMIieHre npoLiecca Kpuctannmaaumi.

41

O6Las xapakTepucTMKa NpoLeccoB NOHHOro obMeHa. MexaHnam nepeHoca BellecTsa. Tumbl MOHUTOB, UX
OCHOBHbIEe CBOWCTBa. AnnapaTypHoe ogopMIieH1e NpPoLEecCcoB MOHHOTO obMeHa.

42

TepMoamHammyeckoe paBHoOBecHe B cucTeMe MeMbBpaHa - pacTBop. MexaHu3m MaccornepeHoca B MeMBpaHHbIX
npoueccax. KoHueHTpauvoHHas nonspusauus. Tunsl MeMBpaH, KOHCTPYKLMU MeMBpaHHbIX NPOoLEeCcCoB.

4.2.2 TunoBble NPaKTUKO-OPUEHTUPOBaHHbIe 3aAaHuA (3aaayvu, Keuchbl)

1. OB6ocHoBaThb BbIGOP TapenbyaTbiX YCTPOMUCTB B aBCOPOLMOHHBIX MblNeynaBnmBatoLLmnx annaparax.
2. BbibpaTtb Hacago4Hble KOHTAKTHbIE YCTPOWMCTBA B KaTanMTUYECKUX annapartax KAMsLWwero crnosi.
3. MNpenoxuTb cxemy aAcopbLMOHHON YCTaHOBKM ANS yrNaBnvMBaHWS 3afaHHbIX OPraHW4eckuMx BeLLecTB U3

ra3oBbIX MOTOKOB.

4.3 MeToanyeckue matepuarnbl, onpeaensirowme npoueaypbl OLeHUBaHUSA 3HaAHUW, YMEHUIN, BrlaAaeHU (HaBbIKOB
1 (UnKN) NPaKTUYECKOro onbiTa AeATENbLHOCTH)

4.3.1 YcnoBus gonycka oby4aroLlerocsi K NpoMexyTo4HOM aTrectaumMm 1 NOpAAOK NMKBUAALMA aKageMU4ecKomn
3a40MKEeHHOCTU

lMpoBedeHe NPOMEXYTOYHOW aTTecTauun perfameHTMpPOBaHO foKanbHbIM HOpMaTuMBHbIM aktom CII6ryrTn

«lMonoxeHve o npoBeaeHnn TekyLlero KOHTposna ycnesaemMmocTt 1 npomemyTOquﬁ artrTectauunum o6yqarou.mxc;|»

4.3.2 ®opma npoBeaeHUsi NPOMEXYTOYHOM aTTecTalMmu No gucUUnnmnHe

YcTHas MucbmeHHas + KomnbloTepHOe TeCcTMpoBaHue NHas




4.3.3 OcobeHHOCTH NpOBeAEHUA NPOMEXYTOHYHOMN aTTecTauum nNo AUCUUNIINHe
1. I3ydeHune gmcumnnmHbl 3akaHuMBaeTCs caadei KaHanaaTckoro ak3aMmeHa.
2. AcnpaHT nepep coaden sk3ameHa npefoctaBnaeT pedepat no BbIbpaHHOM UM TEME UCCreLoBaHMS.
3. Mpoueaypa coayn kKaHANOATCKOro ak3aMeHa perynmpyetcs TpeboBaHMAMN MO KAaHAUAATCKOMY 3K3aMEHY.

OK3aMeHyloLMnCss nonyyaeT [Ba BOMPOCa, OAHWM W3 KOTOPbIX MOXeT ObiTb BbINOMHEHME MPAKTUKO-
OPWEHTUPOBAHHOIO 3adaHus (MO YCMOTPEHUIO 3K3aMEHALMOHHOW KOMMCCUM). DK3aMeH MpoBOAUTCH MUCbMEHHO (Ha
noaroToBKY NUCbMEHHOro oteeTa otBoanTCcA 90 MUHYT), 3K3aMeH NPUHUMMAaET KOMUCCKS, No pedyrnbTatam odopMrsieTcs
MPOTOKON CAAYM KaHAMAATCKOro aK3ameHa.

5. YHEBHO-METOOAU4YECKOE U MH®OPMALIMOHHOE OBECIMEYEHVE OAUCUUIMITAHBI
5.1 YyebHasa nutepartypa

ABTOp 3arnasue | MN3paTenbcTBO Moa uspaHua | Ccbinka
6.1.1 OcHoBHas yye6Hasa nuTepaTtypa
Butkosckaa, P. @, |Mpoueccbl n  annapatbl| CaHkT-MNeTepbypr: CaHKT- https://www.iprbooks
Mywhos, A. C. XUMUYECKUNX TEXHOIMOrNIA. MeTepbyprekui hop.ru/118413.html
Teopus n npakTuka rocyaapCTBEHHbIN 2020
Hacafo4HbIX annapaTos YHUBEpPCUTET
NPOMBbILLIEHHbIX
TEXHOMNOrMM N gn3anHa
HOonrynnH, B.  H.,|bnotexHonormnyeckune TamboB: TamboBCcKui https://www.iprbooks
MpoHuH, B. A. npoleccol 1 annapatbl rocyaapcTBEHHbIN 2020 hop.ru/115710.html
TEXHUYECKUN
yHmBepcutet, 95C ACB
PasuHos, A. W.,|lMpouecchbi " annapaTbl KasaHb: KazaHckun https://www.iprbooks
KnuHos, A. B.,|xumMmunyeckon TexHonormm HaLMOHanbHbIN hop.ru/75637.html
ObsikoHos, I. C. nccnegoBaTenbCKUm 2017
TEXHOMNOrn4ecknm
yHuBEepcuTeT
Cwmanb, a. B.,|lMpoueccbl n annapartbl| Benropoa: Benropoackuii https://www.iprbooks
YepkacoB, A. B.,|xumunyeckon TEeXHOomoruu. rocyaapCTBEHHbIN hop.ru/80521.html
Ocunos, HO. H. Yactb 1 TEXHOMNOrn4yecknn 2016
yHuBepcuteT um. B.T.
Lyxosa, 96C ACB
Bnacosa, r. B.,|OcHOBHblIE  npoueccbl  w” Mockea, Bororaa: Urdpa https://www.iprbooks
Uyamesndy, [O. A. |annapaTtbl XMMUNYECKOMN I/I ) 2022 hop.ru/124246.html
-NHxeHepus
MueoBaposa, H. A. TEXHOMNOrnm
6.1.2 lononHuTenbHas y4yebHas nutepaTtypa
Myxens, 0. A. Mpoueccel n  annaparthbl 5 A . https://www.iprbooks
XUMUYECKOW TexHonoruy, | PT1arOBELUEHCK- AMYPCKIW hop.ru/103906.html
Y.1. M'mapomexaHnyeckne rOCYA@pCTBEHHbIN 2019
npouecchl 1 annapaTbl yRuBsepcuTet
®ponos, B. 9. Jlekummn no kypcy «lpouecchbl . https://www.iprbooks
W annapaTtbl  XUMWU4YECKOW Ca;ﬁi\ﬂﬂmegzpf_lypr. 2020 hop.ru/97816.html
TEXHONOTUNY
OctpukoB, A. H.,|Mpouecchbi " annapatbl| BopoHex: BopoHexckui https://www.iprbooks
Bonroea, n. H.,|(OcHOBbLI MEXAHWKM XNOKOCTH rocy4apCTBEHHbIN 2022 hop.ru/122603.html
Konkinos, M. B.,|v rasa). Npaktukym YHUBEPCUTET UHXEHEPHBIX
Haymuenko, A. C. TEXHONOrnn
XKunctu, E. A.,|MNpoueccel 1 annapatsl https://www.iprbooks
Aspopos, B. A. nULLEBbLIX Nnpon3BOACTB. . hop.ru/124124.html
COopHuK 3aga4y, MeToauka MOCKBal’ABOHOma' ViHppa 2022
° -NHxeHepus
peLueHuni, BapuaHTbl
3afjaHun
Myxens, 1O. A. Mpoueccbl w  annapaTbl 5 A . https://www.iprbooks
XUMUYECKOW TexHororuy. | PTTarOBELUEHCK. AMyPCKIK hop.ru/103908.html
Y.3. MaccoobmeHHbIe rOCYAapCTBEHHbIN 2020
npoueccsl 1 annapaTbl yhuBepeuTet
Myxens, 1O. A. Mpoueccbl wn  annapaTbl BraroseLLeHcK: AM . https://www.iprbooks
XUMUYECKON TEXHOMormu. - AMYPCKM hop.ru/103907.html
Y.2. TennoBblie npouecchl u rocyAapCTBeHHbIN 2020
annaparbi yHuBepcuTeT

5.2 MNepe4yeHb npodeccmoHanbHbIX 6a3 AaHHbIX 1 MHPOPMAaLIMOHHO-CNPABOYHbIX CUCTEM



1. 3BC «IPRbooks», http://www.iprbookshop.ru
2. 3BC «CMG6rynTa», http://publish.sutd.ru
3. I'YI BogokaHan CaHkT-lNeTepbypra www.vodokanal.spb.ru/

5.3 NepeyeHb NULEH3UOHHOIO U CBO6OAHO pacnpocTpaHseMoro NporpamMmmMHoro oéecneyeHust
MicrosoftOfficeProfessional
Microsoft Windows

Mathcad Education — University Edition Term
5.4 OnncaHue maTepuanbHO-TEXHUYECKOWN 6a3bl, HEOOXO0AMMOW Ans ocyLlecTBEeHMA obpa3oBaTesibHOro
npouecca no gucumnnuHe

CteHpabl nabopaTopuu MpPoOLECCOB U annapaToB XMMWUYECKUX MPOU3BOACTB kadeapbl UHXEHEPHOW XUMUU U
MPOMBILLIIEHHON 3KOMNOTUN.

AyauTopus OcHalleHue

CneumnanuavpoBaHHas Mebenb, Aocka
YuyebHasa aygutopus

NekumoHHas! MynbTumMeaunitHoe obopyaoBaHue, cneLmanuanpoBaHHas mebenb, fJocka
ayautopust

MynbTMeauiiHoe o6opydoBaHWe, KOMMbIOTEPHAs TEXHWKA C BO3MOXHOCTHIO MOAKIOYEHUS K
KomnbtoTepHbii knacc [cetn  «MHTepHeT» 1 obecrnedeHMem [oCTyna B 3MEKTPOHHY  MHGOPMAaLMOHHO-
obpa3soBaTenbHyto cpegy
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